A dynamic multi-compartmental model of DNA methylation with demonstrable predictive value in hematological malignancies.
Recent advances have highlighted the central role of DNA methylation in leukemogenesis and have led to clinical trials of epigenetic therapy, notably hypomethylating agents, in myelodysplasia and acute myeloid leukemia. However, despite these advances, our understanding of the dynamic regulation of the methylome remains poor. We have attempted to address this shortcoming by producing a dynamic, six-compartmental model of DNA methylation levels based on the activity of the Dnmt methyltransferase proteins. In addition, the model incorporates the recently discovered Tet family proteins which enzymatically convert methylcytosine to hydroxymethylcytosine. A set of first order, partial differential equations comprise the model and were solved via numerical integration. The model is able to predict the relative abundances of unmethylated, hemimethylated, fully methylated, and hydroxymethylated CpG dyads in the DNA of cells with fully functional Dnmt and Tet proteins. In addition, the model accurately predicts the experimentally measured changes in these abundances with disruption of Dnmt function. Furthermore, the model reveals the mechanism whereby CpG islands are maintained in a hypomethylated state via local modulation of Dnmt and Tet activities without any requirement for active demethylation. We conclude that this model provides an accurate depiction of the major epigenetic processes involving modification of DNA.